Materials and Methods 9 recombinants. Colonies were screened by PCR to identify successful mutants. Resistance 35 cassettes were finally removed by transforming mutant strains with pCP20 (ampicillin; 30°C) 36 followed by subculturing non-selectively at 42°C on solid LB. Removal of the cassettes was 37 screened phenotypically and confirmed by PCR. 38 Chromosomal tagging of YhaJ with 3X FLAG was performed using a modified Lambda Red 39 method. The template plasmid pDOC-F was used to amplify the FLAG tag succeeded by the 40 FRT-kanamycin cassette by PCR (5). The primers for this reaction were flanked by 50 bp of 41 DNA directly homologous to the sequence found either side of the natural yhaJ stop codon. 42
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Bacterial growth conditions 15
For bacterial culture, single colonies from pure stocks were first cultured overnight in 5 ml of 16 LB broth at 37°C before being subcultured 1/100 into minimal media (MEM-HEPES) or LB. 17 Growth was monitored by measuring the OD600 of the culture. Arabinose and IPTG were 18 supplemented to the media where specified. Antibiotics were used where appropriate at the 19 following concentrations: 100 μg/ml ampicillin, 50 μg/ml kanamycin and 15 μg/ml 20 chloramphenicol. All chemicals were purchased from Sigma Aldrich. 21
22
Bacterial strains, chromosomal engineering and plasmid cloning 23
The prototypical EHEC TUV93-0, UPEC CFT073 and K-12 MG1655 strains were used 24 throughout this study (1) (2) (3) . Mutant strains containing defined gene deletions were 25 generated using the Lambda Red recombineering method (4). Briefly, FRT-kanamycin or FRT-26 chloramphenicol cassettes were amplified from pKD4 or pKD3 respectively using primers 27 flanked by 50 bp overhangs directly homologous to the DNA sequence directly upstream or 28 downstream of the gene of interest. This PCR product was purified by standard 29 phenol:chloroform extraction, DpnI treated and concentration be ethanol precipitation. 30
Strains carrying pKD46 were cultured in SOB media (ampicillin; 30°C) with 10 mM arabinose 31 to an OD600 of 0.4 before being made electrocompetent by ice water washing and 32 transformed with 2 μg of the above PCR product. Recovery was carried out on LB-33 kanamycin/chloramphenicol at 42°C to eliminate pKD46 and select for successful 34
Promoter regions to be analysed by DNAseI footprinting were amplified by PCR using primers 48 flanked with EcoRI/HindIII and cloned into pSR (7) . All clones were confirmed by sequencing 49 (Eurofins). All restriction enzymes were purchased from New England Biolabs. Antarctic 50 Phosphatase and T4 DNA ligase were purchased from Invitrogen. All plasmids are described 51
in Table S6 and all primers used throughout are listed in Table S7 . 52 53 Total RNA isolation and mRNA enrichment 54
Total RNA was obtained from bacterial cultures grown in MEM-HEPES to an OD600 of 0.7. 10 55 ml of cells were immediately fixed in RNAprotect (Qiagen) before being processed using a 56
PureLink RNA mini kit (Ambion) to extract total RNA, according to the manufacturers 57 specifications. Genomic DNA was removed using a TURBO DNase kit (Ambion) and samples 58 were tested for removal using PCR. Enrichment of mRNA prior to transcriptome analysis was 59 carried out using a MICROBExpress kit (Ambion). RNA was quantified before and after one wash in ChIP wash buffer (10 mM Tris-HCl, pH 8.0, 250 mM LiCl, 1 mM EDTA, 0.5% 85 Nonidet-P40, 0.5% sodium deoxycholate) and TE buffer (10 mM Tris-HCl, pH 7.5, 1 mM EDTA). 86
The columns were finally transferred to a fresh dolphin-nosed tube and 100 μl of ChIP elution 87 buffer (50 mM Tris-HCl, pH 7.5, 10 mM EDTA, 1% SDS) was added followed by incubating for 88 10 minutes at 65 °C with gentle agitation. Samples were eluted by centrifugation at 4000 rpm 89 for 1 minute. Supernatants were de-crosslinked by boiling for 10 minutes and concentrated 90 by standard phenol:chloroform extraction followed by ethanol precipitation containing 2 μl 91 of GlycoBlue co-precipitant (Ambion). ChIP DNA was resuspended in 12 μl of nuclease free 92 water. 93 94 Illumina library preparation and RNA/ChIP-sequencing 95 Library preparation of mRNA samples for RNA-seq was prepared using a TruSeq Stranded 96 mRNA library prep kit (Illumina) according to the manufacturer's instructions. Libraries for 97
ChIP-seq were prepared using a QiaSeq Ultralow input library prep kit (Qiagen). Sequencing 98 was performed on the Illumina NextSeq 500 platform (75 bp length; single-end). Library 99 generation, optimisation of amplification and sequencing were performed at the University 100 of Glasgow Polyomics facility. Quality control of sequencing data was performed using FastQC 101 (Babraham Bioinformatics) to assess the minimum Phred threshold of 20 and potential data 102 contamination. The raw data has been deposited to the European Nucleotide Archive under 103 the study accession PRJEB12065. 104
105

RNA-sequencing read mapping and differential expression analysis 106
Raw fastq files were imported into CLC Genomics Workbench for mapping to either the 107 EDL933 or CFT073 reference genomes (NC_002655 and NC_004431). Reference genomes 108 have been previously described and were downloaded from GenBank at NCBI 109 (https://www.ncbi.nlm.nih.gov/genbank/). Read mapping was performed using a mismatch 110 score of 2, insertion/deletion cost of 2 and length/similarity fraction of 0.8. To exclude bias 111 from any residual ribosomal or transfer RNA not filtered out during enrichment, reads 112 mapped only to unique open reading frames (ORFs) were considered for downstream 113 analysis. ORFs with <5 reads mapped on average in both WT and mutant comparisons were 114 not included in the analysis. Mapping statistics for RNA-seq data are listed in Table S8 . 115
Pearson correlation analysis was used to assess the accuracy of replicates ( Fig S17) . 116
Differentially expressed genes (DEGs) were identified using the empirical analysis of DGE 117 (EdgeR) tool implemented in CLC, which normalises the libraries and calculates differential 118 expression based on replicated read count data (9). Genes were considered differentially 119 expressed if they displayed an absolute fold change FDR-corrected P-value of ≤ 0.05 120 (Benjamini Hochberg). 3 biological replicates were used for each wild type and ΔyhaJ mutant. 121 122
ChIP-seq data analysis 123
ChIP-seq data was analysed using CLC genomics workbench. Raw fastq files were first aligned 124 to the EHEC or UPEC reference genomes. The ChIP-seq analysis tool was used to call peaks 125 that were significantly enriched in FLAG-tagged samples versus untagged controls (10). The 126 tool calls peaks based on an algorithm that learns the characteristic shape of ChIP-seq peaks 127 (an intersecting bimodal peak trend signifying enrichment of reads on the forward and 128 reverse strands, either side of the transcription factor binding site) based on the average 129 genome wide enrichment data. This information is then used as an optimised filter to scan 130 the genome for individual areas of enrichment that match the characteristic peak shape, 131 applying a score obtained from comparing an identified peak window to the shape filter and 132 a p-value (< 0.01) at each location based on the fact that the peak shape score follows a 133 standard normal cumulative distribution. Peaks were called from two biological replicates and 134 were assessed manually to ensure that they conformed to the canonical peak shape as called 135 by the software. Regions that did not conform or were biased by excessive noise were 136 omitted. Peak centres were characterised based on their position relative to the nearest 5' 137 gene end and the peak window surrounding this centre was extracted from the relevant 138 GenBank reference genome for motif analysis using MEME version 5.0.3 (11). 139 140
Quantitative real time PCR (qRT-PCR) and ChIP-PCR 141
Total RNA was isolated as above and TURBO DNAse treated to remove genomic DNA. Samples 142 were quantified using a Nanodrop (Thermo Fisher) and the RNA was normalised to 1 μg as 143 input for reverse transcription using a SuperScript First Strand cDNA kit (Invitrogen). qRT-PCR 144 was performed using GoTaq qPCR master mix (Promega) according to the manufacturer's 145 specifications. qRT-PCR primer pairs were tested for efficiency (95-105 %) using serial 146 dilutions of known quantities of genomic DNA obtained using a PureLink genomic DNA kit 147 (Thermo Fisher). The housekeeping gene gapA was used as an internal calibrator gene. 148
Reactions were performed in technical and biological triplicate using the Eco real-time PCR 149 system (Illumina) and data were analysed by the 2 -ΔΔCT method (12). 150
For ChIP-PCR, enrichment of target DNA was calculated as signal over background using the 151 fold enrichment method. Fold enrichment was calculated as 2 -ΔCT (ΔCT = CT ChIP -CT Control ), 152
where ChIP is the FLAG-tagged sample and control is the non-FLAG tagged equivalent. A 153 control region of the araD gene was used to correct for non-specific enrichment. Samples for 154
ChIP-seq for all verified for enrichment of known YhaJ targets by ChIP-PCR prior to library 155
generation. 156
YhaJ protein purification 158 6x Histidine-tagged YhaJ was purified as described previously (13). Briefly, E. coli BL21-DE3 159 carrying pET28-yhaJ were cultured in LB and induced with 1 mM IPTG for 12 hours. Cell pellets 160 were resuspended in wash buffer (200 mM NaCl, 50 mM Tris, 40 mM Imidazole, 10% glycerol) 161 and lysed by French press. YhaJ was purified from the lysate supernatant by immobilized 162 metal affinity ion chromatography using a HisTrap Column and AKTA-prime (GE Healthcare) 163 followed by size-exclusion chromatography using an AKTA-prime and a Superdex S200 
SDS-PAGE and immunoblot analysis 206
Samples of bacterial cultures were removed in 1 ml aliquots at desired timepoints, normalised 207 by OD600 and centrifuged at 4000 rpm for 10 minutes followed by resuspension in 4x LDS 208 sample buffer (Thermo Fisher). Samples were boiled for 10 minutes before being centrifuged 209 to remove cell debris. For FimA analysis, sample buffer was acidified with concentrated HCl 210 prior to boiling and neutralised with NaOH after. 20 μl of lysate was loaded into each well of 211 4-12 % Bis-Tris NuPAGE mini gels (Thermo Fisher) before being separated at 180 volts using 212 the Novex gel system (Thermo Fisher). Separated proteins were transferred to 0.45 μm 213 nitrocellulose membrane (GE Healthcare) using the XCell II blot module (Thermo Fisher) at 30 214 volts for 1 hour. Membranes were blocked with PBST containing 5 % milk and probed with 215 anti-FimA (1/5000), anti-FLAG (1/5000), anti-DnaK (1/5000) or anti GroEL (1/25000) primary 216 antibody followed by polyclonal anti-Rabbit HRP-conjugated secondary antibody (Sigma). 217
Immunoblots were developed with the SuperSignal West Pico chemiluminescent substrate 218 (Pierce) and imaged on the ChemiDoc imaging system (Bio-Rad). Experiments were 219 performed in triplicate and band intensity was measured using ImageJ. 220 221 fimS phase orientation assay 222 A PCR based approach was used to assay the percentage of a cell population in which the fimS 223 switch was phase ON/OFF (18). 2 μl of bacterial culture was boiled in 8 μl of nuclease free 224 water for 10 minutes and 2 μl of this solution was used as template PCR of the fimS region. 225
The resulting PCR product was PCR purified using a PCR mini kit (Qiagen) and digested with 226 shape filter for EHEC and UPEC ChIP-seq peak calling (biological duplicate). The blue and black 290 traces represent the average forward and reverse reads respectively, enriched at binding sites 291 and illustrate the canonical bimodal peak shape that genuine ChIP-seq peaks must conform 292
to. The aqua and red traces indicate forward and reverse reads for untagged control samples. 293 (B) Example of a high scoring ChIP-seq peak (yhhW) in both EHEC and UPEC. The black peak 294 (top) represents the normalised signal enrichment peak score and the green/red peaks 295 (bottom) illustrate raw forward/reverse read mapping, highlighting the canonical bimodal 296 peak overlap. (C) DNAseI footprint analysis of YhaJ binding at the yhhW promoter region. The 297 protected region (indicated in red) and associated hypersensitive sites correlated with the 298 location of the ChIP-seq peak and the contained the predicted YhaJ binding motif as 299 previously determined, thus validating the approach (23). 300 (B) Acid tolerance assay of the corresponding strains exposed to acidic minimal media and 341 associated quantification of CFUs representing the mean survival index relative to the WT (± 342 SD; three biological replicates). The DyhaJ strain was transformed with both UPEC and EHEC 343 yhaJ alleles expressed in trans (+pyhaJ UPEC and +pyhaJ EHEC respectively). 344 binding to the gadX promoter region confirms the ability to bind this conserved sequence 347 despite the lack of this regulation in vivo. EMSAs were performed on three independent 348 occasions to confirm the results. 349 Table S3 . Summary of YhaJ FLAG binding sites in EHEC identified by ChIP-seq 411 1 Gene with the 5' end nearest to the associated peak 412 2 Distance of the peak from the nearest gene 5' end 413 3 Distance of the predicted motif nearest the peak centre 414 4 Genomic context of the peak 415 5 Length of the peak window 416 6 Peak shape score determined based on signal enrichment over negative control background 417 7 Predicted LTTR motif (T-N 11 -A; underlined) closest to peak centres and according to the YhaJ consensus determined in Palevsky et al. (2016) Table S8 . RNA-seq mapping statistics from this study.
